Variations of East Asian summer monsoon (EASM) during the last 17 millennium could help enlighten the monsoonal response to future global warming. 18 Here we present a precisely dated and highly resolved stalagmite δ 18 O record from the 19 Yongxing Cave, central China. Our new record, combined with a previously 20 published one from the same cave, indicates that the EASM has changed dramatically 21 in association with the global temperature rising. In particular, our record shows that 22 the EASM has intensified during the Medieval Climate Anomaly (MCA) and the 23 Current Warm Period (CWP) but weakened during the Little Ice Age (LIA). We find 24 that the EASM intensity is similar during the MCA and CWP periods in both northern 25 and central China, but relatively stronger during the CWP in southern China. This 26 discrepancy indicates a complicated regional response of the EASM to the 27 anthropogenic forcing. The intensified and weakened EASM during the MCA and 28 LIA matches well with the warm and cold phases of Northern Hemisphere surface air 29 temperature, respectively. This EASM pattern also corresponds well with the rainfall 30 over the tropical Indo-Pacific warm pool. Surprisingly, our record shows a strong 31 association with the North Atlantic climate as well. The intensified (weakened) 32 EASM correlates well with positive (negative) phases of North Atlantic Oscillation. In 33 addition, our record links well with the strong (weak) Atlantic meridional overturning 34 circulation during the MCA (LIA) period. All above-mentioned correlations indicate 35 that the EASM tightly couples with oceanic processes in the tropical Pacific and 36 North Atlantic oceans during the MCA and LIA.
result of increasing anthropogenic greenhouse gases. In particular, the CWP is much 48 warmer than the MCA (Man et al., 2009; Chen et al., 2018) . In association with the 49 global temperature change, East Asian summer monsoon (EASM) precipitation has 50 changed significantly. Many studies have indicated that monsoonal climate of China 51 has generally recorded wetter MCA and drier LIA in the north but reverse conditions 52 in the south (Tan et al., 2009; Chen et al., 2015; Xu et al., 2016; Tan et al., 2018) . 53 However, it is unclear about the variation of EASM during the MCA and LIA over 54 central China. Moreover, less is known about the relative intensity of EASM between 55 the CWP and MCA, two recent warm periods. The examination of the relative 56 monsoon intensity is the key to evaluating the monsoon response to the anthropogenic 57 warming. 58 To better understand monsoonal responses to the global warming climatic 59 condition, it is necessary to appreciate the natural forcing of EASM during the MCA 60 and LIA periods. The EASM is strongly influenced by the Tropical Pacific and North 61 Atlantic Oceans. The Pacific Ocean feeds the warm and moisture air directly into the 62 EASM, and therefore exerts a strong influence. Several studies have indicated that the 63 mean-state of EASM is affected by alternations of La Nina-like and El Nino-like 64 conditions in the Tropical Pacific during the last millennium (Cobb et al., 2003; Yan et Loess Plateau and the Yangtze River. Average annual rainfall is about 1000 mm at the 90 site of the cave. Atmospheric temperature is about 14.3°C and relative humidity is 91 close to 100% inside the cave. The cave site is climatically influenced by East Asian 92 Monsoon, featured with wet and warm summer, and dry and cold winter. 93 Stalagmite YX262 was first halved and then polished for the purpose of the 94 subsequent sampling. For stable isotope analyses, powdered subsamples, weighing 95 about 50-100 μg, were drilled on the polished surface along the central growth axis of 96 the stalagmite. A total of 159 subsamples were obtained at 1 mm increments. Wang et al., 2001; Cheng et al., 2009; 2016) . This China (e.g., Yuan et al., 2004; Zhao et al., 2010; Li et al., 2014) , and by covariations 140 of the δ 18 O records with other proxy records reflecting the monsoon intensity or local 141 rainfall (e.g., Goldsmith et al., 2017; Zhao et al., 2015; Owen et al., 2016 Thompson, 2012; Tan, 2014) . Two most recent studies have 146 reconciled these two contradictory interpretations (Orland et al., 2015; Wang et al., 147 2018). They found that the Chinese stalagmite δ 18 O records documented a 148 combination of changes in the isotopic fractionation of water vapor sourced from the 149 Indian and/or Pacific Oceans, and changes in summer monsoon intensity. In reality, 150 the extent of the isotopic fractionation of water vapor from the tropical oceans reflects 151 the changes in integrated monsoon rainfall between the tropical oceans and cave sites 152 (Yuan et al., 2004) . Thus, the stalagmite δ 18 O signal reflects the regional summer The climate condition during the MCA and LIA has been extensively studied for 158 the monsoonal China (e.g., Chen et al., 2015; Xu et al., 2016; Tan et al., 2018) . In 159 general, wetter in the north and drier in the south were inferred during the MCA and 160 the opposite during the LIA (Chen et al., 2015; Tan et al., 2018) . The boundary 161 between the north and south of China was estimated to be about along the River Huai 162 at 34°N (Chen et al., 2015) , the modern geographical dividing line between northern 3; Zhao et al., 2015) . This is consistent with strong spatiotemporal 166 variability of precipitation in the broad EASM region. Here our Yongxing record, 167 slightly south to 34°N, shows a similar condition as the Dongge Cave (see Fig. 3 ). As 168 illustrated in Fig. 3 , the stalagmite records from the two caves show a general 169 similarity in shape and thus each of them truthfully registers the broad climate signal. 170 An extra comparison shows that the Yongxing and Dongge records in the south vary 171 broadly in agreement with the Wanxiang (Zhang et al., 2008) and Huangye (Tan et al., 172 2011) records in the north, indicating the wetter MCA and drier LIA (see Fig. 3 ).
173
However, a minor but important discrepancy exists between the northern and southern 174 cave records during the MCA. The cave records in the south display an increasing 175 monsoon trend, but those in the north reflect a decreasing monsoon trend during the 176 MCA (see Fig. 3 for trends indicated by the arrows). To explain this discrepancy, we Province (Chu et al., 2002 ). This regional discrepancy can be checked by additional 
The monsoon intensity during the MCA as compared to the CWP
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A comparison of the relative intensity of EASM between the MCA and CWP 201 could be useful to evaluate the response of EASM towards the current global warming.
202
Many studies have found that the CWP is much warmer than the MCA on global and 203 hemispheric scales (Bradley et al., 2003; Mann et al., 2008 Mann et al., , 2009 PAGES 2k 204 Consortium, 2013) . With regard to the hydrological response, northern China shows a 205 stronger or comparable monsoon condition during the MCA as compared to the CWP 206 (e.g., the Wangxiang and Huangye Caves' records in Fig. 3) . A similar monsoon 207 condition is also documented in the Yongxing record in central China (see Fig. 4 ).
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However, two Dongge records in southern China collectively shows a slightly weaker 209 monsoon condition during the MCA as compared to the CWP (see Figs. 3, 4) . This is 210 indicated by an overall 0.39‰ higher δ 18 O value during the MCA than the CWP (Fig.   211 4). The stronger monsoon condition during the CWP relative to the MCA is parallel to 212 the global temperature evolution, in particular in the western Pacific Warm Pool 213 region (Chen et al., 2018) . This correspondence supports the hypothesis that current 214 global warming intensifies the Asian summer monsoon (Wang et al., 2013) . The 215 intensified Asian summer monsoon was suggested due to strong coupling of the influenced by the Indian Ocean, which also brings moisture to the area of our study 220 . We suggest the small discrepancy between Yongxing and Dongge 221 records could be due to the different localized effects in southern China as Dongge
222
Cave is much closer to Indian Ocean than Yongxing Cave. High-resolution sediment ) and speleothem (Griffiths et al., 2016) 243 records over the IPWP collectively suggest warm sea surface temperatures and 244 reduced rainfall during the MCA and CWP, and reversed conditions during the LIA 245 (Fig. 5) . The rainfall over the IPWP is anti-phased with the EASM intensity, 246 supporting the modulation of the ITCZ' latitudinal migration on the EASM during the 247 last millennium (Zhao et al., 2015; Xu et al., 2016; Griffiths et al., 2016) . In addition, intensified EASM corresponds to the strong AMOC during the MCA and the 285 weakened EASM to the weak AMOC during the LIA, which is consistent with the 286 scenario during the last glaciation Böhm et al., 2015) . These 287 strong correlations indicate an influence of the NAO and AMOC on the EASM.
288
During the MCA, positive NAO induces a warmer winter in Europe, which reduces 289 snow accumulation over Eurasia and therefore allows for a penetration inland of the 290 EASM next summer (Overpeck et al., 1996) . Robust AMOC can intensify the EASM 291 through northward positioning the ITCZ (Wang et al., 2017) . During the LIA, weaker 292 NAO and AMOC would produce decreased EASM in the reversed fashion. It has 293 been proposed that conditions of the NAO were dynamically coupled to states of the 294 AMOC (Trouet et al., 2009; Wanamaker et al., 2012) . The strong (weak) NAO during 295 the MCA (LIA) contributes to enhanced (weakened) AMOC through enhancing 296 (weakening) the westerly (Trouet et al., 2009 ). Solar activity is usually considered as 297 the root trigger of natural climate change. The Yongxing record is broadly similar to 298 change in solar irradiance (Steinhilber et al., 2009;  Fig. 6a ). The intensifying EASM 299 is paralleled with the greater solar activity during the MCA and the weakened EASM 2008), the AMOC intensity and the ENSO condition (Asmerom et 303 al., 2007; Zhao et al., 2016) . However, relative importance of these forcing pathways 304 is unknown and, most importantly, the ENSO condition remains a matter of debate 305 during the last millennium (e.g., Cobb et al., 2003; Yan et al., 2011a) . As a counterpart 306 to the MCA, the CWP is similarly marked by intensified EASM, strong AMOC and 307 high solar output (Fig. 6) . However, the relationship between the EASM and NAO 308 becomes unclear during the CWP, with the intensified EASM failing to match the 309 expected more positive NAO. Longer term data is needed to assess the linkage 310 between NAO and EASM during the CWP. intertropical convergence zone through the Holocene, Science, 293, 1304 Science, 293, -1308 Science, 293, , 2001 He, B., Zhang, S., and Cai, S.: Climatic changes recorded in peat from the Dajiu Lake basin in 375
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